In this study, we aim to investigate the role of tanshinone IIA in myocardial infarction (MI), especially in left ventricular remodelling (VR) and the underlying mechanism involving the TLR4/MyD88/NF-jB signalling pathway. Sprague-Dawley (SD) rats (n = 96) were selected, and 12 of them underwent sham surgery. The remaining 84 rats were subjected to MI modelling. HE and MT staining were carried out to estimate infract size, histopathological changes and fibrosis degree. surgery, MI rats showed larger infarct size, severer fibrosis, higher expression levels of TLR4, NF-jB-P65, MyD88, IL-2, IL-6, IL-8, TNF-a, PICP and PIIINP as well as enhanced macrophage infiltration, cardiomyocyte apoptosis. After treatment with tanshinone IIA combined with LPS for 4 weeks, the rats showed better condition than those treated with only LPS. These results indicate that tanshinone IIA attenuates MI and prevents left VR. Importantly, inhibition of TLR4/MyD88/NF-jB signalling pathway is a key step in this process.
| INTRODUCTION

Myocardial infarction (MI) which is commonly known as a heart
attack is characterized by a decreased or complete stop of blood flow to the heart. The resulting effect is damage to the heart muscle.
MI is one of the main diseases resulting death or disability worldwide and constitutes as to the leading cause of death in the Western world and is thus an immense public health problem. 1, 2 The main factor for MI is the persistent and severe myocardial ischaemia resulted by myocardial necrosis because of the imbalance of myocardial blood supply and demand. 3 After an infarction, the heart undergoes a series of structural changes that are governed by cellular and molecular mechanisms in a pathological metamorphosis known as ventricular remodelling. 4 Ventricular remodelling (VR) is a powerful prognostic factor is used after a patient has suffered from an infarction has been proved as a good target for intervention. Shortly after the injury occurs, histopathological and structural changes occur in the left ventricular myocardium that leads to a decline in left ventricular performance, which can eventually manifest itself in diminished systolic function and reduced stroke volume. 4 Moreover, left ventricular remodelling (LVR) in ischaemic cardiomyopathy has been determine as the main cause of heart failure and is an established prognostic factor for cardiovascular complications. 5 LVR after MI is the process by which the initial infarction leads to cardiac expansion followed by non-infarct hypertrophy and progressive left ventricular dilation, and is associated with adverse clinical outcome. 6 A previous study demonstrates that the acute inflammatory response in the early phase of MI could be a potential target for treating patients with MI. 7 Salvia miltiorrhiza, also known as red sage or Danshen in Chinese, is a traditional Chinese medicines that is widely used in the adjunctive treatment of cardiovascular diseases in China for a long time, with tanshinone IIA as one of its major effective components (derived from the dried root or rhizome of Salvia miltiorrhiza Bunge). 8 Tanshinone IIA is used for treating cardiovascular diseases including cardiac hypertrophy, heart failure and myocardial ischaemia-reperfusion injury, which could improve heart function by reducing the degree of fibrosis and inhibiting the apoptosis of cardiomyocytes. 9 It has been reported that tanshinone IIA is a popular and safe herb medicine, which showed a protective effect on the endothelial cells. 10 In addition, tanshinone IIA has been shown to attenuate inflammatory pathways, increase the blood vessels, improve the haemodynamics, dilate the coronary arteries to increase perfusion and enhance myocardial contractility. 11 Nuclear factor kappa B (NF-jB) has been known to be a significant transcription factor in a living organism for the functioning of nearly all cells. 12 In addition, NF-jB is an inducing factor for inflammatory response in glial cells, whose target genes include proinflammatory cytokines such as IL-6 and TNF-a. 13 Toll-like receptor 4 (TLR4) an inflammatory factor whose functions in myocardial IR injury have been reported, 14 and it is activated by lipopolysaccharide (LPS), a component of Gram-negative bacteria to induce production of proinflammatory mediators aiming at eradication of the bacteria. 15 MyD88 was the first time regarded as "macrophage differentiation marker," for which mRNA accumulated in the murine M1 myeloleukemic cells by activating with interleukin-6. 16 A previous study has demonstrated that tanshinone IIA played a significant role in reducing infarct size, improving heart function and increasing the survival rate of rats with MI. 17 In addition, sodium tanshinone IIA sulphonate has shown to prevent cardiac remodelling in animal models of acute MI. 18 However, whether or not tanshinone IIA has any neuroprotective effects or not in LVR after MI via the TLR4/MyD88/NF-jB signalling pathway still remains unknown.
In this study, we aim to evaluate the extent of which tanshinone IIA could prevent VR after MI by inhibiting the activation of the TLR4/ MyD88/NF-jB signalling pathway in an animal model using SpragueDawley rats. with the equal number of male and female) were initially provided by Shanghai SLAC Laboratory Animal Co., Ltd (Shanghai, China). All the rats were placed in a clean house with normal circadian rhythm, unregulated eating and drinking schedules at 22-25°C for 1 week before the experiment. Ninety-six rats were randomly selected and divided into 8 groups of 12. The grouping and treatment regimens were shown in Table 1 .
| MATERIALS AND METHODS
| Ethical statement
| Establishment of MI rat model
Rats underwent a 12 hours of fasting period with enough water before their surgical procedures. They were anaesthetized with 3% pentobarbital sodium by intraperitoneal injection (30 mg/kg; Sigma, St. Louis, MO, USA). The needle electrodes were inserted into the limbs subcutaneously, and an electrocardiogram (ECG) was used for monitoring via the limb lead. Following a left thoracotomy at the third and fourth intercostal space, the rats were intubated and connected to a ventilator (Inspira ASV, Harvard Apparatus, tidal volume: 3 mL/kg, respiratory rate: 60-70 breaths/min). The incisions of rats were made in the skin, superficial fascia and deep fascia, and
then the left thoracic cavity was exposed and the pericardium was opened. The left anterior descending (LAD) coronary artery was then identified and ligated. Changes in the ECG, the immediate colour change in the heart surface, which turned dark red and the STsegment elevation in leads I and aVL (increased by more than 0.2 mV and kept constant for 30 minutes) were signs of a successful coronary ligation. The pleura of the rats was stitched together and the rat was closed up. Rats received an intramuscular injection of 0.8 million units penicillin (Sigma-Aldrich) after surgeries to prevent infection. Rats in the sham group underwent the same procedure without LAD ligation. Rats that died during the surgeries were eliminated and replaced by rats from alternative groups. After the surgery, the rats were given the drug intervention from the first day. The drug administration regimens and the dosage for rats were listed in Table 1 . LPS (Sigma-Aldrich) was used as an activator of TLR4/NF-jB signalling pathway and TAK-242 as the inhibitor of the TLR4 signalling pathway; tanshinone IIA was purchased from Shanghai Biological Reagent Co., Ltd (China). After 4 weeks of intervention, the effects of tanshinone IIA on VR after MI were evaluated.
| Echocardiography
An ECG was used to monitor rat cardiac function 4 weeks after surgeries and medical intervention were performed. The rats were anaesthetized with 3% pentobarbital sodium (30 mg/kg; Sigma) by intraperitoneal injection, and cardiac function was evaluated by echocardiography using a GE Vivid 7 (GE, USA) equipped with a 2.5-mhz S4 transducer after the rats were allowed to breathe spontaneously in room air. The S4 transducer with coupling agent was placed on the left side of the chest, to find a standard left 2.6 | Body weight (BW) and the ratio of heart weight to body weight (HW/BW)
After ECG, echocardiography and haemodynamic assessment, the rats in each group were randomly assigned into 2 groups of 6 rats. In one group, the hearts were removed from rats and stored at a temperature of À80°C for molecular biology techniques. In the other group, the BWs of rats were first weighed and noted, and then 1 mL of blood samples was taken from the left ventricular and apex beat and transferred into anticoagulant tubes and placed for 2 hours. After centrifugation at 1200 g for 15 minutes, the supernatant was separated and stored at À20°C for later enzyme-linked immunosorbent assay (ELISA) analysis. The rats were killed after blood was collected and heart was removed and washed. The left and right atrial appendage and residual blood vessels were cut off, and the hearts were dried. The actual weight of the heart (wet weight) was measured using the electronic balance (BSA223S-CW, Mettler Toledo), and the ratio of HW/BW 
| Enzyme-linked immunosorbent assay (ELISA)
The supernatant of rats' serum that was obtained earlier were removed from À20°C freezer, and the experimental operation was performed in strict accordance with the instructions of ELISA kits (Roche Applied Science Indianapolis, Ind.). The supernatant was stored at room temperature for 20 minutes and allowed to defrost. A total of 100 lL test specimen was first added to a reaction plate to establish the standard curve. 100 lL test specimen was added in reaction hole for incubation for 90 minutes at 37°C; 100 lL biotinylated antibody was added to incubate for 60 minutes at 37°C after being washed. The supernatant was then treated with 100 lL enzyme working fluid in the dark and incu- 
| Statistical analysis
All data were analysed using SPSS 18.0 statistical software. Measurement data were presented as the mean AE standard deviation (SD). The comparisons between 2 groups abiding the normal distribution were performed by the t-tests, and the comparisons among multiple groups were conducted by the one-factor analysis of variance (ANOVA). The counted data were presented in percentages and ratios, and were verified using the chi-squared tests.
A probability value of P < .05 indicated the difference was statistically significant. RT-qPCR, reverse transcription quantitative polymerase chain reaction; TLR4, toll-like receptor 4; NF-jB-p65, nuclear factor-kappaB-p65; MyD88, myeloid differentiation factor 88.
function showed a opposite trend in the T + LPS, LTS + LPS and HTS + LPS groups (all P < .05) ( and HTS + LPS groups, respectively (all P < .05) (Figure 2 , Table 4 ). Compared with the LPS group, the BW of rats in increased T A B L E 3 The echocardiographic detection of the rats in each group 
| Tanshinone IIA reduces the volume of heart and improves the cardiac morphology of MI rats
In the sham group, the surface of heart appeared smooth with normal morphological characteristics and normal ventricular volume. The heart ventricular wall thickness was uniform and elastic with the presence of inflammatory hyperplasia in the epicardium, which manifested itself as a slightly pale colour while a tender red colour was seen on the surface of other hearts. In the MI group, the surface of heart was not smooth; cardiac volume and left ventricular cavity were significantly enlarged, myocardium in infarct zone appeared pale, thinner and formed ventricular aneurysms. Morphologies appeared globular in the body and shrinkage into ventricular cavity.
Both elasticity and toughness of the ventricular wall was not pre- The area of fibrosis (%) Compared with the LPS group, the T + LPS, LTS + LPS and HTS + LPS groups exhibited neatly arranged myocardial cell with a significant decrease in swelling and fibrosis; the myocardial infarct size decreased by 43.71%, 8.79% and 14.43%, respectively, with significantly declined LVWT and IVST (all P < .05) ( Figure 5 ).
3.6 | Tanshinone IIA inhibits the TLR4/MyD88/
NF-jB signalling pathway in MI rats
The mRNA expression levels of TLR4, NF-jB-P65 and MyD88 in myocardial tissue in the sham group were significantly lower than those in the MI group (all P < .05). The mRNA expressions of TLR4, NF-jB-P65 and MyD88 in the LTS and HTS groups were a lot lower than those in the MI group (all P < .05), whereas the LPS group exhibited a significant increase in TLR4, NF-jB-P65 and MyD88 mRNA expression (all P < .05). Compared with the LPS group, the mRNA expressions of TLR4, NF-jB-P65 and MyD88 in the T + LPS, LTS + LPS and HTS + LPS group were remarkably lower (all P < .05) ( Figure 6A ). TLR4, NF-jB-P65 and MyD88 protein expressions in myocardial tissue were correspondent with TLR4, NF-jB-P65 and
MyD88 mRNA expressions among 6 groups ( Figure 6B , C). These results indicated that LPS could activate the TLR4/MyD88/NF-jB signalling pathway and the tanshinone IIA could suppress the signalling pathway.
| Tanshinone IIA suppresses the levels of proinflammatory cytokines and pre-collagens in MI rats
Serum levels of proinflammatory cytokines of the rats and pre-collagen in each group were detected by ELISA. Compared with the sham group, the serum levels of proinflammatory cytokines IL-2, IL-6, IL-8, TNF-a and pre-collagen PICP and PIIINP in the MI group increased significantly (all P < .05). Compared with the MI group, the serum levels of proinflammatory cytokines IL-2, IL-6, IL-8 and TNF-a in the LTS and HTS groups reduced significantly while the decrease in the proinflammatory cytokines in the LTS group was not as obvious as the HTS group. In the LPS group, the serum levels of
Relative protein expression 
| DISCUSSION
As of today, MI remains the leading and major cause of mortality and morbidity around the world. 21 Despite the advancements in clinical diagnostics and preventative measures, numbers are still increasing year by year. Along with all other factors that contribute to determining a patient's prognosis for MI, reducing the size of the infarct in the myocardium remains a significant approach to helping improve patient prognosis. Therefore, in this study, we aim to explore the role of tanshinone IIA in VR via the TLR4/MyD88)/NFjB signalling pathway in a rat model of MI.
We first compared the LVEDD and LVESD in the MI group to the sham group. The MI group showed a significant increase in the size of heart as well as a decrease in LVEF and LVFS and ventricular systolic function, LVEDD and LVESD in the LTS and HTS groups significantly decreased, whereby the LVEF LVFS showed a significant increase along with ventricular systolic function. It was been demonstrated that simvastatin can inhibit the dilation of LV and enhanced the function of LV for patients with MI despite varying infarct sizes. 22 In the 24 weeks after MI, LVEDD in the MI group significantly increased compared with that in the sham group. 23 After 7 days, LVEDD and LVESD decreased and LVEF significantly increased in the treated group compared with controls. 24 Our study demonstrated that tanshinone IIA had a significant protective effect against VR after MI. As it has been suggested, we observed a reduction in the severity of MI in patients who received tanshinone IIA treatments, as compared with the MI group. Western blotting and RT-qPCR results indicate that the mRNA expressions of TLR4, NF-jB-P65 and MyD88 in the LTS and HTS groups were much lower than those in the MI group. The above results suggest that tanshinone IIA may prevent MI by inhibiting the activation of the TLR4/ MyD88/NF-jB signalling pathway-related genes. Transcription factor NF-jB is very important in regulating substantial genes involved in the inflammatory response and control of cell death. 25 It is a protein complex that controls the transcription of DNA, cytokine production and cell survival. 26 The protein complex plays a huge role in a cells response to stimulus such as stress, free radicals, ultraviolet radiation and bacterial or viral antigens. 27 ELISA results shows that in rats trea- such as IL-6 involved in neurotoxicity. 30 Moreover, it is reported that TLR4 is also a vital membrane receptor which meditates innate immunity and can up-regulate NF-jB after being activated by stimuli. 31 In a previous study, we have proven that tanshinone IIA could prevent cardiac remodelling process using several molecular biological mechanisms, such as depressing the degree of fibrosis, inhibiting cardiomyocytes hypertrophy in vivo and in vitro. 9 The detection of the degree of fibrosis demonstrated that there were fewer fibrous tissues in the HTS and LTS groups than in the MI group. Therefore, we speculate that tanshinone IIA may prevent ventricular remodelling by reducing the area of fibrosis. A previous study indicated that the ideal therapy for MI-induced cardiac injury was to inhibit the reactive fibrosis (and other remodelling processes)
as well as the regeneration of the infarct area in non-infarcted areas. 32 Tanshinone IIA suppresses cardiac fibrosis by regulating the paracrine factors released by cardiomyocytes that go on to activate the TGF-b/Smads signalling pathway. 9 Tan IIA could also mitigate BLM-induced pulmonary fibrosis and suppress the TGF-b-dependent mesenchymal transition (EMT) in lung alveolar epithelial cells. 33 In our experiment, we demonstrated that the severity of MI in the LTS and HTS groups was obviously lower than that in the LTS + LPS and HTS + LPS groups. Therefore, we find that LPS could not be used as a treatment therapy for patients with MI. LPS, the main part of the outer membrane of Gram-negative bacteria, which elicit strong immune responses in the host. One important immune response is the activation of several intracellular signalling pathways by human monocytes that involves the IKK-NF-jB pathway. 34 LPS acts as a prototypical endotoxin by binding to the CD14, TLR4, MD2 receptor complex in many cell types, especially in immune cells such as monocyte, dendritic cells, macrophages and B-cells, thereby inducing the release of nitric oxide and inflammatory cytokines. 35 In a previous study, it was reported that the injection of LPS could lead to the cell apoptosis of endotheliocytes in the intestine, lung, fat tissue and thymus. 36 Upon stimulation with LPS, NF-jB is translocated to the nucleus where it can activate certain genes through binding to transcriptionregulatory elements in a nucleotide sequence-specific manner. 28 Taken together, our results demonstrated that tanshinone IIA could improve the severity of MI and prevent VR by inhibiting the activation of the TLR4/MyD88/NF-jB signalling pathway. However, the study exist some limitations which need further exploration in future investigations ( Figure S1 ). The sample size enrolled in the designed rat model of our experiments was relatively small which may be insufficient in data. Due to the fact that we used an animal model in this study, this call for further experiments with more experimental investigation among human populations. Due to the widespread epidemiology of MI, a significantly larger trial size is needed to test the effects of therapeutic regimens on VR after MI, which may be new specific biological targets for treatment and control of progressive VR after MI. 
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